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BLOCK COPOLYMERS FROM IONIC CATALYSTS 



SPECIFICATION 



Cross-Reference to Relat ed Applications 

1 This application 1s a Contlnuatlon-ln-Part of U.S. Patent 

2 Application No. 477,791 filed February 9, 1990. U.S. Patent Application 

3 No. 477,791 Is 1n turn a Contlnuatlon-ln-Part of copending U.S. Patent 

4 Application Nos. 133,052 filed December 21, 1987 and 133,480 filed 

5 December 22, 1987. Copending U.S. Patent Application No. 133,052 1s 1n 

6 turn a Continuatlon-ln-Part of U.S. Patent Application No. 011,471 filed 

7 January 30, 1987. Copending U.S. Patent Application No. 133,480 is in 

8 turn a Contlnuatlon-ln-Part of U.S. Patent Application No. 008,800 filed 

9 January 30, 1987. 



FIELD Of THE INVENTION 

10 Th 's Invention relates to a method for preparing block and 

11 tapered copolymers by polymerizing ethylene and other olefins In the 

12 presence of a catalyst which Is a reaction product of a metallocene 

13 component with second component which comprises a cation capable of 

14 donating a proton and a compatible non-coord1nat1ng anion. More 

15 particularly, this Invention relates to a process for the production 

16 of mutl block, and tapered copolymers of ethylenlcally unsaturated 

17 monomers. The Invention also related to the mult! block and tapered 

18 copolymers produced. 

BACKGROUND Of THE INVENTION 

19 Block copolymers are well known. They have been used 

20 commercially as components In adheslves. as melt processable rubbers. 
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1 impact resistant thermoplastics, and as compatlbl 1 Izers or 

2 "surfactants", for emulsifying polymer-polymer blends. ' 

There has been widespread Interest In polymer blends and 
alloys. Unfortunately, most homopolymer pairs are Immiscible with one 
» another and give rise to low strength materials due to the lack of 
6 nterfadal adhesion between the separate phases. A block copolymer 
'is created when two or more polymeric segments, or blocks of 

8 different chemical composition are covalently bonded in an end-to-end 

9 fashion. Block copolymers have certain advantages over blends 

10 Firstly, the segments are covalently bonded to each other, thereby 

XI eliminating the Interface problem. Secondly, block copolymers can be 

X2 used to strengthen blends of immiscible polymers by serving as 

X3 "emulslfiers." which encourage physical connections between the phase 

14 and thus Improve the 1nterfac1al adhesion and load transferring 

15 capability of the components. 

16 While a wide variety of block copolymer architectures are 

17 possible, most block copolymers of Interest involve the covalent 

18 bonding of hard plastic segments which are crystalline or glassy to 

19 elastomerlc blocks forming thermoplastic elastomers. Other block 

20 copolymers, such as rubber-rubber, glass-glass, and glass-crystalline 

21 block copolymers are also possible and may have commercial 

22 importance. Two common types of block copolymer structures are the 

23 dlblock and triblock forms. However, multlblock copolymers. 1n which 

24 more than three segments are bonded together, are also desirable 

25 Triblock and multlblock copolymers have the unique ability of 

26 behaving as thermoplastic elastomers, combining thermoplastldty with 

27 rubber-like behavior. The key requirements for achieving 

28 thermoplastic elastomeric behavior is the ability to develop a 

29 two-phase physical network. Such a system Is composed of a minor 

30 fraction of hard block, having a glass transition temperature (Tg) or 
3X melting temperature (Tm) above room temperature, and a major fraction 
« of a soft block, having a Tg below room temperature. The hard blocks 

associate to form small morphological domains that serve as physical 

34 crossllnking and reinforcement sites. These states are thermally 

35 reversible making it possible to process the polymer as a melt at 
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1 temperatures above the Tg or Tm of the hard. block. 

2 Block copolymers "axis .similar to. yet distinct from, tapered 

3 polymers. In a tapered copolymer the. composition of comonomer Is 

4 gradually varied from one end of the polymer to the other. Tapered 

5 copolymers are commercially used as viscosity modifiers, oil 

6 additives, thermoplastic elastomers, and Impact-resistant plastics. 

7 Much work has been done 1n an attempt to synthesize oleflnlc 

8 block copolymers. The Ideal catalyst system would produce a "living 

9 polymer." Unlike typlcai Zleg^er-Natta polymerization processes 

10 living polymerization processes Involve only initiation and 

11 propagation steps and are essentially devoid of terminating side 

12 reactions. This permits the synthesis of. the predetermined and 

13 well -control led structures required for effective block 

14 copolymerizatlon. A polymer created 1n a "living" system can have an 

15 extremely narrow distribution of molecular weight and be essentially 

16 monodlsperse. The living poller technique Is uniquely suited for the 

17 preparation of block copolymers. Living catalyst systems are 

18 characterized by an initiation rate which 1s considerably higher than 

19 the propagation rate, and the absence of termination or transfer 

20 reactions. In addition, these systems are characterized by the 

21 presence of a single type of active site-.. 

22 Anionic polymerization routes to Ideal oleflnlc block 

23 copolymers have been much studied. Butad.iene-1 soprene block 

24 copolymers have been synthesized using the sequential addition 

25 technique. In sequential addition, a certain amount of one of the 

26 monomers Is contacted with the catalyst. Once the monomer has reacted 

27 to extinction, forming the first block, a. certain amount of the second 

28 monomer species 1s Introduced and allowed to react to form the second 

29 block. The process may be repeated as desired using the same or other 

30 anlonlcally polymerlzable monomer.s. 

31 Ethylene and other alpha-oleflns such as propylene and butene 

32 are not directly block polymerlzable by, anionic techniques. Another 

33 technique is described by Falk and Schl.ott in HacromoW,.! p 5 i i 971 4> 

34 152. The first step in the procedure Involves preparing block 

35 polymers containing polybutadiene and polylsoprene using anionic 
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1 techniques. The low pressure catalytic hydrogentation of the block 

2 polymer obtains the saturated block polymer. 

3 The anionic routes to Ideal oleflnlc block copolymers provide 
a clean route to model block copolymers. However, the aethod 1s 

5 impractical and 1s not sufficiently versatile for commercial 

6 purposes. For example, the anionic route cannot be used to synthesize 

7 HOPE or isotactic polypropylene (1-PP) segments. 

8 A coordination technique which has been used to synthesize 

9 block copolymers Involves the use of vanadium catalysts at low 

10 temperatures. Doi et. al., In Hacrpmplfrulei, 1986. 19. 2896. showed 
U that a catalyst prepared from 

12 tr1s(2-methyl1-l,3-butaned1onato)vanad1um and AKC-H ) CI in 

13 toluene has high reactivity In the living coordinatl ^polymerization 

14 of propene and that a well-defined diblock copolymer of polypropylene 

15 and ethylene-propylene rubber can be prepared by adding ethylene 

16 monomer during the living polymerization of propene. 

17 Wh!1e the Do1 technique has the advantage over the anionic 

18 routes of dispensing with the hydrogenation step, it does require very 

19 low temperatures. The block copolymeHzations carried out by Doi et 

20 al. were performed at -70 and -60 C. Do1 also reported, in H. 

21 Kami nsky and H. Sinn (Eds.). IraniiHsn Mfilali ^ Oraanonrntii u„ nt 

22 Catalyst £gx Olefin Polymerization. Sprlnger-Verlag 1988, the living 

23 copolymerization, at -78 C. of propylene with 1 ,5-hexadiene. An 

24 additional disadvantage of the technique is that 1t cannot be used to 

25 produce 1-PP. Furthermore, and no reports of the production of high 

26 density polyethylene (HDPE) via this method have appeared In the 

27 literature. The catalyst Itself Is poorly characterized and unstable. 

28 Ha "y claims 1n the prior art have been made for the 

29 production of block polymers in the presence of Ziegler-Hatta type 

30 catalysts. For example. JP63-712 to Mitsubishi Petroche-ical s claims 

31 a method of producing a propylene block copolymer using a catalyst 

32 including a solid titanium component containing magneslu., titanium, 

33 halogen and an electron-donor with an organo-aluminum cocatalyst to' 

34 prepare homopolypropyl ene 1n a first stage reaction, following which 

35 in a second stage of reaction bls(cydopentadienyl) titanium 
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2 1 T V S ^ P0,ymer,2at,0 P "ntlnued In the presence of 

added ethylene. The propylene block ^polymers produced are L 
have high rigidity and Impact stren g th and, good Lid, p e s 

U.S. Patent 4,408,0*9 to Blunt relates to the use of 
catalyst-activator system wherein titanium 1s the sole metal component 
to produce block copolymers of ethylene and propylene. The block 

' copolymers have the general formula <AB) A -wherein A Is a 

crystalline polypropylene block, each B Is a random ethyl ene-propylene 

9 copolymer block, and n Is w fnteger from 1 to about 12 The 

U r, ta M 5t ;! Ct1Vat ° r U deSCMbed " 4 "» b< -t1on of titanium 

11 trichloride as the catalyst And 

12 dl m ethylb1s(methylcyclopentad1enyl)t1tan1um as an activator The 

13 amount of ethylene 1n the block polymer 1s typically 40-65 wt 1 with 

14 5-15 wt.X present 1n the ethylene-propylene segments. The 

15 thermoplastic block polymers a"re said to have superior tensile 

16 strength and lower compression set than prior art block polymers In 

17 discussing prior art catalysts. Blunt observes that the prol on 

18 a true bloc, polymer ,s dependent upon there being no peLane ° °' 

19 interruption in the growth of any given polymer chain until all of the 

20 blocks have been completed. Moreover. Blunt states that the 

21 traditional Zlegler-Natta catalysts based on titanium hal ides 1n 

22 conjunction with alkyl aluminum compounds do not provide a sufficients 
long chain lifetime to permit the formation of bLk c poller " 

24 more than two copolymer blocks* 

26 hi , T" T P4tentS ^ publ, "»o^ claim the synthesis of 

27 III ,k 0P J" eth n ene , and P-PVlene. there 1s no evidence 

27 that these products were obtained as well defined block polymers The 
known kinetic features of heterogeneous Zlegler-Natta catalyst 

MoT 5 ' ^ \V S Unme1 ' ^ M0Ck POlyraerS ^ <" 

30 high concentrations. (J. Boor. Z^r-Hm, CiiUyiU m 

31 PolYmeri ? at1on5 . Academic Press 1979)/ According to Boor the 

32 reported propylene and ethylene block copolymers are most'llkelv 

34 TTVJ ! ar96ly iSOtaCtic ' P 0 ^ r ^ene. polyethylene, and either 

34 random, block, or tapered copolymers which are present In low 

35 concentrations, in the range of 0 to 201. 
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I As reasons for his conclusion, Boor lists a large number of 
* inherent barriers which must be overcome in using known Ziegler-Natta 
3 catalysts to synthesize block copolymers. For example, to synthesize 
« ethyl ene/a-olef Ins block copolymers the following conditions must be 

5 satisfied: 1) all of the T1 centers must become active 

6 simultaneously; 2) all the T1 centers must stay alive during the 

7 polymerization; 3) all the T1 centers must have equal activities for 

8 polymerizing propylene and ethylene; 4) all the T1 centers must be 

9 equally accessible to the available olefin molecules; 5) the 

10 cross-over propagation rates must be high for Tl-propylene centers to 

II be efficiently converted Into T1 -polyethylene centers; 6) the centers 

12 must be Isotactic-speciflc for propylene polymerization and polymerize 

13 all ethylene molecules to a linear polymer. 

14 Several difficulties arise In the use of known catalysts for 
" the block copolymerization of olefins. Among those are the fact that 
16 conventional catalysts are typically multi-sited, and a significant 

7 fraction of the active sites are unstable. This leads to random chain 

18 initiation and termination which, 1n turn, lowers the theoretical 

19 block copolymer yield. Hhat 1s desired, and what practice of this 

20 invention provides. 1s a catalyst system with well-characterized 

21 structure and reactivity which has a single active site. The system 

22 should have well-defined and stable polymerization kinetics and be 
free of aluminum alkyls or other chain transfer agents. 



23 



SUHHARY OF THF TUVp HTJOM 

24 The Invention comprises a process for the production of novel 

25 block copolymers of ethylene with an «-olef1n and the polymers 

26 obtained therefrom. The process Includes sequentially contacting 

27 ethylene with an a-olefin monomer 1n a suitable solvent at about O'C 

28 1n the presence of an ionic catalyst to produce a block copolymer. 

29 Thus, for example, when a-PP-HDPE dlblock 1s produced, the process 

30 provides a dlblock copolymer yield of 40-701. The molecular weight of 

31 the block copolymer may be controlled by varying the 

32 catalyst-to-monomer ratio. The Ionic catalyst which Is a critical 

33 component of the inventive polymerization process, comprises the 
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J reaction product of a first component which Is a m<. , 

der,,.,,,. or . ..,„ ., Croup IV , I ' X"-^" 

Elements, which metal Is caoahlo «f the 

; «*.».,. * ^ :r „ r:, 1 ;r ,y ™« - 

5 component comprising e cation capable of donittnn , T ™ 
-P.*.*.. non-coordlnat.n, 4:;^^ « • 
capable of stabilizing the Group IV B „.t>i . " Ue - and 

with the at.,,,,., s^tS X r 
product, to polymerize «-o,eftn to TJl \ - " dec °"0°"»<» 
10 -..bloc, polymers sec, as - a d trl KWkT M 
» ethylene and propy.ene with 0 „ e .ta^lT^" °' 

12 B^SCRtPITOH OF to p.rrFnpfp F IPTmrilH 

13 „,„ k, , "T t,0n Pr °*" lK ( " "On-random di- trl .„„ 
multi-block copol^rs and tapered copolymers of ethylen l ow 
dioleflns, cyclic olefins, acetylenes , M „. k " nylMe - .-olefins, 
and (» the processes for p„ J£ " „ ",!""" "onomers; 

polymcrlzln 9 "!« non-random copolymers. 

^ u.s. Patent „ r ::;r« : r T b :i w 

19 1s prepared by eombln.n, at .e si 1 " m ' °' """< 

20 is , b1 5 <cyclop.„t,d..ny "d «TT^' ** ° f 

« contalnlo, at leas, on. 9 e d 5 w* , C omT IV ; S ™ MU " d 
» component or „ least , port.on e0 ' ' u b 'I £2* "T 

23 thereof. The second component Is an Ion «eJ P0 " 

24 a cation which win Irreversibly "reac .1t ST T""* " mPr,S,n8 

25 contained In said Croup Iv4 « 4r c'L! h */" ° nt 

26 anion which 1. bu , ky . U ,. "| ^ ? " C " C °°"^ 

27 first and second component Cca o of 2°" ™ b """ m " 

28 with one of the .Hands- of h. fiv!! ° COn """' Ml re «" 
» -on pair conslstlTorVcr £ ?. 7™" " 
30 coordination number of 3 end a eajence o " „d t J 

3. »,on. which anion ,s 



14 
15 



16 
17 
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1 metal cation formed from the first component. The anion of the 

2 second compound must be capable of stabilizing the Group IV-B 

3 metal cation complex without interfering with the Group IV-B metal 

4 cation's or its composition product's ability to function as a 

5 catalyst and must be sufficiently labile to permit displacement by 

6 an olefin, diolefin or an acetylenically unsaturated monomer 

7 during polymerization. 

A. The Metal! ocene Component 

8 The Group IV-B metal compounds; i.e., titanium, zirconium 

9 and hafnium metal! ocene compounds, useful as first compounds in 

10 the preparation of the improved catalyst of this invention are 

11 bis(cyclopentadienyl) derivatives of titanium, zirconium and 

12 hafnium. In general, useful titanocene, zirconocenes and 

13 hafnocenes may be represented by the following general formulae: 

14 1. (A-Cp)MXiX 2 

15 2. (A-CpJMX'iX^ 

16 3. (A-Cp)ML 

17 4. (Cp*)(CpR) HXi 

18 wherein "Cp" represents a cyclopentadienyl radical which may be 

19 substituted or unsubstituted, and" 

20 (A-cp) is either (Cp)(Cp*) or Cp-A'-Cp* and Cp and Cp* are 

2 1 the same or different cyclopentadienyl ring substituted with 

22 from zero to five substituent groups R. 

23 The substituent groups R may be, independently, selected 

24 from a wide variety of classes of radical groups which form 

25 covalent bonds to the carbon atoms of the Cp-rings. These 

26 substituents act to modify the catalyst behavior by affecting the 

27 symmetry, sterics, and electronics of the transition metal center. 
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1 Illustrative but not limiting examples of suitable R substituents 

2 include hydrocarbyl radicals containing from 1 to 50 carbon atoms; 

3 substituted hydrocarbyl radicals wherein one or more of the 

4 hydrogen atoms 1s replaced by a halogen, radical , an amido raidcal 

5 (XiX 2 N-), a phosphido radical (XjX 2 P-):; an alkoxy radical (XiO) or 

6 any other radical containing Lewis acidic or basic functionality; 

7 hydrocarbyl substituted metalloid radicals wherein the metalloid 

8 1s selected from the Group IV-A of the Periodic Table of elements; 

9 halogen radicals, amido radicals (XiX 2 Hr-) , phosphido radicals 

10 (XiX 2 P-), alkoxy radicals (XiO), alkylborido radicals (XjX 2 B-), or 

11 any other radical containing Lewis .acidic or basic functionality; 

12 or Cp and/or Cp* are a cyclopentadienyl ring in which two adjacent 

13 R groups are joined forming a C4 to C 20 ring to give a saturated 

14 or unsaturated polycycl ic : cyclopentadienyl ligand such as indenyl, 

15 tetrahydroindenyl , f 1 u.<freiy1 , or octahydrofluorenyl; A* is a 

16 covalent bridging group between the two cyclopentadienyl groups; M 

17 is titanium, zirconium or hafnium;. Lis an olefin, diolefin or 

18 aryne ligant; Xi and X 2 are, independently, selected from the 

19 group consisting of hydride radicals, hydrocarbyl radicals having 

20 from 1 to about 20 carbon atoms, hydrocarbyl radicals wherein one 

21 or more of the hydrogen .atoms are replaced with a halogen atom, 

22 organometallold radicals 'comprising a Group IV-A element wherein 

23 each of the hydrocarbyl substitutions contained In the organic 

24 portion of said organometallold independently contain from 1 to 

25 about 20 carbon atoms and. the like; X*] and X' 2 are joined and 

26 bound to the metal atom to form ametallacycle, in which the metal 

27 atom, X'land X' 2 form a hydrocarbocycllc ring containing from 

28 about 3 to about 20 carbon atoms; and R is a substituent, 

29 preferably a hydrocarbyl, substituent, on one of the 

30 cyclopentadienyl radical? which is also bound to the metal atom. 
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1 Illustrative, but not limiting examples of 

2 b1s(cyc1opentad1enyl)z1rconium compounds which may be used in the 

3 preparation of the Improved catalyst of this invention are 
dihydrocarbyl-substituted b1s(cyc1opentad1enyl)zircon1um compounds 

5 such as bis(cyclopentad1eny1)z1rcon1um dimethyl, 

6 b1s(cyc1opentadienyl)z1rcon1uro diethyl. b1s(cyclopentad1enyDz1rconium 

7 dipropyl, b1s(cyclopentadieny1)z1rconium dlbutyl, 

8 b1s(cyclopentadienyl)zirconium dlphenyl, 

9 bis(cyclopentadi enyl )zircon1 urn dtneopentyl, 

10 bisUyclopentadienyDzirconium di(m-tolyl), 

11 bis(cyclopentadienyl)zirconium di(p-tolyl) and the like; 

12 (monohydrocarbyl-substituted cyclopentadienyDzirconlum compounds such 

13 as (methylcyclopentadienyD(cyclopentadlenyl) and 

1 4 b1s(methylcyclopentadlenyDz1rcon1um dimethyl, (ethylcyclopentadlenyl) 

15 (cyclopentadienyl) and b1s(ethylcyclopentadieny1)z1rconium dimethyl, 

16 (propyl cyclopentadienyl) (cyclopentadienyl) and 

1 7 bis(propy1cyclopentadienyl)z1rconium dimethyl , 

18 (n-butyl cyclopentadienyl) (cyclopentadienyl) and 

19 bis(n-butyl cyclopentadienyDzirconlum dimethyl . 

20 (t-butyl cyclopentadienyl) (cyclopentadienyl) and 

21 bis(t-butyl cyclopentadienyDzirconlum dimethyl, 

22 (cyclohexylmethylcyclopentadlenyl) (cyclopentadienyl) and 

23 b1s(cyclohexylmethylcyclopentad1enyi)zlrconium dimethyl , 

24 (benzyl cyclppentadi enyl) (cyclopentadienyl) and 

25 bis(benzylcyclopentad1enyDz1rconium dimethyl, 

2* (diphenylmethyl cyclopentadienyl) (cyclopentadienyl) and 

27 b1s(d1phenylmethylcyclopentadlenyl)zirconium dimethyl , 

28 (methylcyclopentadienyl) (cyclopentadienyl) and 

29 bis(methyl eye 1 open tadienyDzirconium di hydride, 

30 (ethyl cyclopentadienyl) (cyclopentadienyl) and 

31 b1s(ethylcyclopentad1enyl)z1rconium dihydrlde, 

32 ( propyl eye 1 op en tad 1 eny 1 ) ( eye 1 opentad 1 eny 1) and 

33 bis(propyl cyclopentadienyDzirconlum d1 hydride, 

34 (n-butyl cyclopentadi enyl ) (cycl opentadi enyl ) and 

35 bis(n-butyl cyclopentadienyDzirconlum di hydride, 

36 (t-butylcyclopentad1enyl)(cyc1opentad1enyl) and 
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1 bls(t-butylcyclopentad1enyt)z1reon1um dlhydride, 

2 (cyclohexylmethylcydopentadlenylXcyclopentadlenyl) and 

3 bi s(cycl ohexylmethyl eye 1 opentadl enyl ) zi rconl um d 1 hydr 1 de , 
A (benzyl cyclopentadl enyl ) (cyclopentadl enyl) and 

5 b1$(benzylcyclopentad1enyl)zircon1um dlKitfrlde, 

6 (diphenylmethylcyclopentadtenylKcyciopentadienyl ) and 

7 b1s(d1phenylmethylcyclopentadienyl)z1rconium dlhydride and the like; 

8 (polyhydrocarbyKsubstltuted-cyclopehtadlenyl) zirconium compounds 

9 such as (dlmethylcyclopentadienyl) (cyclopentadl enyl) and 

10 bi s(dimethyl cyclopentadl enyl ) zi rconi um dimethyl , 

11 (trimethyl cyclopentadl enyl) (cyclopentadl enyl ) and 

12 bls(trimethylcyclopentadiextyl) zirconium dimethyl, 

13 (tetramethylcyclopentadlenyl) (cyclopentadl enyl) and 
U bls(tetramethylcyclopentadlenyl) zirconium dimethyl, 

15 (permethylcyclopentadienyl) (cyclopentadl enyl) and 

16 bis(permethylcyclopentadleriyl) zirconium dimethyl, 

17 (ethyltetramethylcyclopentadlenyl) (cyclopentadl enyl ) and 

18 bls(ethyltetramethylcyclopentadienyr) zirconium dimethyl, 

19 (IndenyD(cyclopentadlenyl) and bis(1ndenyl)zlrcon1um dimethyl. 

20 (dlmethylcyclopentadlenyl) (cyclopentadl enyl) and 

21 bls(dlmethylcyclopentadienyl) zirconium dihyd'Mde, 

22 (trimethyl cyclopentadl enyl) (cyclopentadl enyl) and 

23 bis( trimethyl cyclopentadl enyl) zirconium dlhydride, 
2A (tetramethylcyclopentadlenyl) (cyclopentadl enyl) and 

25 b1s(tetramethyl cyclopentadl enyl )z1 rconl um dlhydride, 

26 (permethyl cyclopentadl enyl) (cyclopentadl enyl) and 

27 b1s(permethylcyclopentailenyl)zlrcon1um dlhydride, 

28 (ethyl tetramethylcyclopentadlenyl) (cyclopentadl enyl) and 

29 b1 s( ethyl tetramethyl cycl opentadl enyl )z1 rconl um dl hydrl de , 

30 <1ndenyl)(cyclopentadienyi) and bi s(1ndenyl)z1rcon1um 

> 

31 (propylcyclopentadlenyT) (cycl opentadl enyl ) and 

32 bls(propylcyc1opentadienyl)z1rcon1um dlhydride, 

33 (n-butylcyclopentadlenyl) (cyclopentadlenyl) and 

34 bis(n-butyl cyclopentadl enyl )zi rconl um dlhydride, 

35 (t-butylcyclopentadlenyl ) (cyclopentadlenyl) and 
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1 b1s(t-butyl cyclopentadl enyl )z1 rconlum dl hydride. 

2 (cyclohexylmethylcyclopentadlenyl ) (cyclopentadlenyl) and 

3 bis(cyclohexy1methy1cyclopentadlenyl)2lrcon1um dlhydride, 
A (benzyl eye 1 opentadl enyl) (eye 1 open tad1 enyl) and 

5 bl s (benzyl cyclopentadl enyl )z1 rconi urn di hydride , 

6 (dlphenylmethylcyclopentadlenyl) (cyclopentadl enyl) and 

7 b1s(d1phenylmethylcyclopentad1 enyl )z1 rconlum dlhydride and the like; 

8 (polyhydrocarbyl-substltuted-cyclopentadienyl) zirconium compounds 

9 such as (dimethyl cyclopentadl enyl) (cyclopentadl enyl) and 

10 b1s(d1methylcyclopentad1eny1 ) zirconium dimethyl, 

11 (trlmethyl cyclopentadl enyl) (cyclopentadlenyl ) and 

12 bls(trlmethylcyclopentadlenyl) zirconium dimethyl, 

13 (tetramethylcyclopentadlenyl) (cyclopentadlenyl) and 
U bls(tetramethylcyclopentadlenyl) 2lrcon1um dimethyl, 

15 (permethyl cyclopentadlenyl ) (cyclopentadlenyl) and 

16 b1s(permethylcyclopentad1 enyl ) zirconium dimethyl, 

17 (ethyltetramethylcyclopentadlenyl ) (cyclopentadlenyl) and 

18 b1s(ethyl tetramethylcyclopentadlenyDzlrconium dimethyl, 

19 (1ndenyl)(cyclopentad1enyl) and b1s(1ndenyl)zlrcon1um dimethyl , 

20 (dimethyl cyclopentadl enyl) (cyclopentadl enyl) and 

21 bl s(d1me thy 1 cyclopentadl enyl )z1 rconi urn dlhydride, 

22 (trlmethyl cyclopentadl enyl) (cyclopentadlenyl) and 

23 b1s(tr1methylcyclopentad1enyl )zircon1um dlhydride, 

24 (tetramethylcyclopentadlenyl) (cyclopentadlenyl) and 

25 bl s( tetramethyl cycl opentadl enyl )z1 rconlum dlhydride , 

26 (permethylcyclopentadlenylXcyclopentadlenyl) and 

27 b1s(permethylcyclopentad1 enyl )zi rconlum dlhydride, 

28 ( ethyl tetramethyl cycl opentadl enyl ) (cyclopentadl enyl) and 

29 b1s(ethyl tetramethyl cyclopentadl enyl )zlrcon1um dlhydride, 

30 (1ndenyl)(cyclopentad1enyl) and b1s(1ndenyl)z1rcon1um dlhydride and 

31 the like; (metal hydrocarbyl-substltuted cyclopentadl enyl )zi rconlum 

32 compounds such as (tr1methyls1lylcyclopentad1enyl)(cyclopentad1enyl) 

33 and b1s(tr1methylsilylcyclopentad1enyl)z1rcon1um dimethyl, 
3A (tr1methylgermylcyclopentad1enyl)(cyclopentad1enyl) and 
35 b1s(tr1methylgermy1cyclopentad1enyl)z1rcon1um dimethyl , 
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1 <tr1methyl$tanny1cyclopentad1enyl)(cyclopentad1enyl) and 

2 blsUrimethylstannylcyclopentadlenyUzlrconium dimethyl. 

3 (tr1methylplumbylcyclope»featd1eny1)(cyclopentad1enyl) and 
u b1s(tr1methylplumby1cyclopentadtenyl)2lrcon1um dimethyl, 

5 (trlmethyl$1lylcyclopentadtenyl)(cyc1opentad1enyl) and ' 

6 b1s(tr1methyls1lylcyc1opentadieny1)z1rcoh1um dlhydrlde. 

7 <tr1methy1germy1cyclopentad1enyl)Ccyclopentadieny1) and 

8 bis<tr1methylgermylcyclopentad1enyl)z1rconium dlhydrlde, 

9 (trlmethylstannylcyclopentadlenylXcyclopentadlenyl) and 

10 b1s<tr1methylstannylcyc1opentad1enj1)z1rcon1um dlhydrlde, 

11 (trimethylplumbylcyclopentadlenyl)(cyclopentad1enyl) and' 

12 b1sCtr1methy1plumby1cyclopentad1ervyl>z1rcon1uni dlhydrlde and the like- 

13 (halogen-substUuted-cyclopentadlenyl) zirconium compounds such as ' 
U (trlfluoromethylcyclopentadlenyD(cyclopentadlenyl) and 

15 b1s<tr1fluoromethylcyc1ope*tad1eny1>z1rcon1um dimethyl 

16 <tr1fluoromethylcyclopentadienyl)( C yclopentadlenyl) and 

17 b1s(tr1fluoromethylcyc1opentad1enyl)2lrcon1um dlhydrlde and the like- 

18 silyl-substltuted bl s<cyclopentad1er»y1> zirconium compounds such as ' 

19 bls(cyclopentadlenyl) (trlmethylsllylHmethyl zirconium, 

20 bls(cyclopentadl enyl) (trlphenylsllylXmethyl )2lrconlum' 

21 bls(cyc)opentadlenyl) CtrlsCdlmethylsHyhsnylKoethymirconlum 

22 b1s(cyc1opentad1eny1)Cbls(mes1tyl)s1lyi](n,ethy1)2lrcon1um 

23 b1s(cyclopentad1eny1)(tr1methyls1lyl)tr1oethy1s1lylmethyn zirconium 
21, bls(cyclopentadlenyl) (trlmethylsllyl benzyl) and the like; 

25 <br1dged-cyclopentad1enyi;z1rcon1um compounds such as methylene 

26 b1s(cyclopentad1eny1)z1rcoalum dimethyl, 

27 methylene(cyc1opentad1enyl)2lrcon1um dimethyl, ethylene" 

28 b1s(cyc1opentad1eny1)z1rcbnium dimethyl, dlmethylsllyl 

29 b1s(cyc1opentad1enyl)z1rcon1um dlhydrlde, ethylene 

30 b1s(cyclopentad1enyl)z1.rcon1um dlhydrlde and dlmethylsllyl 

31 b1s(cyclopentad1enyl)z1rcon1um dlhydrlde and the like; chlral and 

32 C 2 -symmet1on compounds; "zlrconacycles": assymetrlcally 

33 br1dged-d1cylopentadieny^.^ompounds such as 

34 methylene(cyclopentadieny1)(l-fluoreny1)2lrcon1um dimethyl. 

35 dlmethys11y(cyclopentadVenyl)(l-fluorenyl)zircon1um dlhydrlde. 



WO 91/12285 



PCT/US91/00835 



- 14 - 

1 di phenylmethyl ene (cycl opentadi enyl ) ( 1 -f 1 uorenyl ) zi rcon i urn d i methyl , 

2 Isopropyl (cyclopentadienyl)(l-fluorenyl)zirconium dimethyl , 

3 isopropyl (cyclopentadienyl )(l-octahydrofl uorenyl )zirconium dihydride, 

4 dimethylsilyl (methyl cycl opentadi enyl (1-fl uorenyl )zirconium dihydride, 

5 methyl ene(cyclopentadienyl(tetramethylcyclopentad1 enyl )zircon1 urn 

6 dimethyl and the like: racemic and meso isomers of symmetrically 

7 bridged substituted di cyclopentadienyl compounds' such as 

8 ethyleneb1s(1ndenyl)zircon1utn dimethyl, 

9 dimethylsilybis(indenyl)zirconium dimethyl, 

10 ethyleneb1s(tetrahydro1ndenyl)zirconium dimethyl , 

11 dimethylsilybisO-trimethylsllylcyclopentadientyDzirconium dihydride 

12 and the like; zirconacycles such as bis(pentamethylcyclopentadienyl) 

13 zirconacy.clobutane, bis(pentamethyl cyclopentadienyl) 

14 zlrconacyclopentane, b1$(cyclopentad1enyl)z1rconaindane t 

15 l-bis(cyclopentadienyl)zircona-3-dimethylsila-cyclobutane and the 

16 like; olefin, diolefin and aryne ligand substituted 

17 bis(cyclopentadi enyl )zirconi urn compounds such as bi s(cyclopentadi enyl ) 

18 (1 ,3-butadiene)zirconium, bi sCcyclopentadienyl ) 

19 (2,3-dimethyl-l ,3-butadiene)zlrcon1um, 

20 bis(pentafflethylcyclopentadienyl)(benzyne)zirconium and the like; 

21 (hydrocarbylXhydride) b1s(cyc1opentadienyl)zirconium compounds such 

22 as bisCpentamethylcyclopentadienyDzirconium (phenyD(hydride) , 

23 bis(pentamethylcyclopentadienyl)zirconium (methyl )(hydride) and the 

24 like; and.blsCcyclopentadienyl) zirconium compounds in which a 

25 substituent on the cyclopentadienyl radical is bound to the metal such 

26 as (pentamethyl cyclopentadienyl ) 

27 (tetramethylcyclopentadlenylmethylene) zirconium hydride, 

28 (pentamethyl cycl opentadi enyl) 

29 (tetramethylcyclopentadienylmethylene)zirconlum phenyl and the like, 

30 A similar list of illustrative bis(cyclopentadlenyl) hafnium 

31 and b1s(cyclopentadieny1)titan1um compounds could be made, but since 

3 2 the lists would be nearly identical to that already presented with 

33 respect to b1s(cyclopentad1enyl)z1rconium compounds, such lists are 

34 not deemed essential to a complete disclosure. Other 

35 b1s(cyclopentadienyl)hafnium compounds and other 

36 b1s(cyclopentad1enyl)t1tan1um compounds as well as other 
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1 b1s(cyclopentad1eny1)z1rconium compounds which are useful In the 

2 catalyst compositions of this Invention will, of course, be apparent 

3 to those skilled 1n the art. 
4 

5 B. Thg Activator Component 

6 Compounds useful as an activator component in the preparation 

7 of the catalyst of this invention will comprise a cation, which Is a 

8 Bronsted add capable of donating a proton, and a compatible 

9 noncoordlnatlng anion which anion 1s relatively large (bulky), capable 

10 of stabilizing the active catalyst species (the Group 1V-B cation) 

11 which 1s formed when the two .compounds are combined and said anion 

12 will be sufficiently labile/ to be displaced by oleflnlc, dlolefinlc 

13 and acetylenlcal ly unsaturated substrates or other neutral Lewis bases 

14 such as ethers, nitriles anid the like. In general, suitable anions for 

15 the second component may be any stable and bulky anionic complex having 

16 the following molecular attributes: 1) the anion should have a 

1 7 molecular diameter greater than 4A; 2) the anion should form stable 

18 ammonium salts; 3) the negative charge on the anion should be 

19 delocalized over the framework of the anion or be localized within the 

20 core of the anion; 4) the anion shouTti be a relatively poor 

21 nucleophile; and 5) the anion should not be a powerful reducing or 

22 oxidizing agent. Anions meeting these criteria - such as polynuclear 

23 boranes, carboranes, metal lacarbriranes;, polyoxoahions and anionic 

24 coordination complexes are well described in the chemical literature. 

25 Two classes of compatible non-coordinating anions meeting these criteria 

26 have been disclosed in our copending US Patent Applications Nos. 133,052 

27 and 133,480: 1) anionic coordination complexes comprising a plurality 

28 of lipophilic radicals covalently cbofdinated to and shielding a central 

29 charge-bearing metal or metalloid core, and 2) anions comprising a 

30 plurality of boron atoms such as carboranes, metal lacarboranes and 

31 boranes, 

32 In general, the activator compounds containing single anionic 

33 coordination complexes which are useful 1n this Invention may be 

34 represented by the following. general formula: 

3 5 5. C(L , -H) + ] d [(H , ) m+ Q 1 0 2 ...0 n ) d ^ 



WO 91/12285 



PCT/US91/00835 



- 16 



1 Wherein: 
2 

3 



L* Is a neutral Lewis base; 
H Is a hydrogen atom; 

4 [L'-H] Is a Bronsted acid; 

5 M' Is a metal or metalloid selected from the Groups 

6 subtended by Groups V-B to V-A of the Periodic Table of the Elements- 

7 I.e.. Groups V-B, VLB, VIM. VIII. M. II-B. III-A, IV-A, and V-A; 

°i t0 Q n are sel ected, independently, from the 

9 time, hydrocarbyl radicals containing from 1 to about 20 carbon atoms, 

10 substituted-hydrocarbyl radicals, wherein one or more of the hydrogen 

11 atoms Is replaced by a halogen atom, containing from 1 to about 20 

12 carbon atoms, hydrocarbyl-substl tuted metal (organometallold) radicals 

13 wherein each hydrocarbyl substitution contains from 1 to about 20 

14 carbon atoms and said metal is selected from Group IV-A of the 

15 Periodic Table of the Elements and the like. 

1 6 In general, Ar^ and Ar^ may, independently, be any 

17 aromatic or substi tuted-aromatic hydrocarbon radical containing from 

18 about 6 to about 20 carbon atoms. Suitable aromatic radicals include, 

19 but are not limited to, phenyl, naphthyl and anthracenyl radicals. 

20 Suitable substi tuents on the substi tuted-aromatic hydrocarbon 

2 1 radicals. Include, but are not necessarily limited to, hydrocarbyl 

22 radicals, organometallold radicals, alkoxy radicals, alkylamido 

23 radicals, fluoro and f luorohydrocarbyl radicals and the like such as 

2 4 those useful as X f and X 4 . The substi tuent may be ortho, meta 

25 or para, relative to the carbon atoms bonded to the boron atom. When 

26 either or both X % and X 4 are a hydrocarbyl radical, each may 

27 be the same or a different aromatic or substi tuted-aromatic radical as 

28 are Ar^ and Ar^, or the same may be a straight or branched 

29 alkyl. alkenyl or alkynyl radical having from. 1 to about 20 carbon 

30 atoms, a cyclic hydrocarbon radical having from about 5 to about 8 

31 carbon atoms or an alkyl-substi tuted cyclic hydrocarbon radical having 

32 from about 6 to about 20 carbon atoms. X f and X 4 may also, 

33 independently, be alkoxy or dialkylamido radicals wherein the alkyl 

34 portion of said alkoxy and dialkylamido radicals contain from 1 to 

35 about 20 carbon atoms, hydrocarbyl radicals and organometal loid 

36 radicals having from 1 to about 20 carbon atoms and the like. As 
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1 Indicated above, Ar x and Ar^ may be linked to each other. 

2 Similarly, either or both of A^ and Ar^ could be linked to 

3 either X % or X # , Finally. X^ or X 4 may also be linked 

4 to each other through a suitable bridging group. 

5 Illustrative, but not limiting, examples of boron compounds 

6 which may be used as an activator component 1n the preparation of the 

7 Improved catalysts of this Invention are trlalkyl-substltuted ammonium 
salts such as tr1 ethyl ammonium tetraCphenyl )boron, trl propyl ammonium 
tetraCphenyl )boroh. tr1(n-butyl ) ammonium tetraCphenyl )boron, 
tr1 methyl ammonium tetraCp-tdlyDboron, trl methyl ammonium 

11 tetraCo-tolyDboron, trl butyl ammonium' tetraCpentafluorophenyDboron, 

12 trlpropylammonlum tetra(o,p-dlmethylpheny1)boron. trl butyl ammonium 

13 tetraCm.m-dimethylphenyl )boron, tributylammonlum 

14 tetraCp-trl-fluoromethyl phenyl )boron f tr1Cn-buty1)ammon1um 

15 tetraCo-tolyDboron and the like; N.N-dialkyl anillnium salts such as 

16 N,N-dimethylan111n1um tetraCpentaf luoro phenyl )boron, 

17 N,N-diethylan111n1um tetraCphenyl )boron, 

18 N.N-Z.A.e-pentamethylani Vinlum tetraCphenyl )boron and the like; 

19 dialkyl ammonium salts sUch'as diCi-propyl) ammonium 

20 tetraCpentaf luoropHenyl)bofbh, dl eye lohexylanvnon turn tetraCphenyl )boron 

21 and the like; and triaryl phosphonlum salts such as 

22 trlphenylphosphonlum tetraCphenyl )boronV; trl Cmethylpheny1)phosphon1 urn 

23 tetraCphenyUboron, trfCdlmethyl phenyl )phosphonium tetraCphenyUboron 

24 and the like. 

25 Similar lists of suitable compounds containing other metals 

26 and metalloids which are useful as actlVaW components may be made, 

27 but such lists are not deemed necessary to a complete disclosure. In 
this regard, It should be rtoted that the foregoing list 1s not 
Intended to be exhaustive ^nd that other useful boron compounds as • 

30 well as useful compounds containing other, metal s or metalloids would 

31 be readily apparent to those skilled 1n the art from the foregoing 

32 general equations. 

33 Activator components based on anions which contain a 

34 plurality of boron atoms may be represented by the following general 

35 formulae: ' 



28 
29 



36 



6. [L , -H] r [CCX) > )CM"X , ) m X , K ] c " 
c a mo 
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1 7. CL'-H] d [[[(CX 3 ) al (H"X 4 ) m ,(X 5 ) bl ] c, -] 2 H n+ 3 d - 

| wherein [L'-H] 1$ either H*. ammonium or a substituted 

ammonium cation having up to 3 hydrogen atoms replaced with a 
hydrocarbyl radical containing from 1 to about 20 carbon atoms or a 
substltuted-hydrocarbyl radical, wherein one or more of the hydrogen 
atoms Is replaced by a halogen atom, containing from 1 to about 20 

7 carbon atoms, phosphonium radicals, substituted-phosphonlum 

8 radicals having up to 3 hydrogen atoms replaced with a hydrocarbyl 

9 radical containing from 1 to about 20 carbon atoms or a 
substltuted-hydrocarbyl radical, wherein 1 or more of the hydrogen 
atoms 1s replaced by a halogen atom, containing from 1 to about 20 
carbon atoms and the like; C 1s carbon; H" Is boron or phosphorus; 

13 each of X. X'. X". X, X 4 and X $ are radicals selected. 

14 Independently, from the group consisting of hydride radicals, hallde 

15 radicals, hydrocarbyl radicals containing from 1 to about 20carbon 

16 atoms, substltuted-hydrocarbyl radicals, wherein one or more of the 

17 hydrogen atoms 1s replaced by a halogen atom, containing from 1 to 20 

18 carbon atoms, organometalloid radicals wherein each hydrocarbyl 

19 substitution in the organo portion contains from i to about 20 carbon 



10 
11 
12 



20 



22 



atoms and said metal is selected from Group IV-A of the Periodic 



21 Table of the Elements and the like; H Is a transition metal; "a" and 



b" are Integers _> 0; "c" 1s an Integer .> 1 ; a ♦ b ♦ c - an 

23 even-numbered Integer from 2 to about 8; and "m" Is an Integer 

24 ranging from 5 to about 22; "a'» and -b«" are the same or a different 

25 integers 0; "c'" Is an integer > 2; a' ♦ b' ♦ c' . an 

26 even-numbered integer from 4 to about 8; 1s an Integer from 6 to 

27 about 12; "n- 1s an Integer such that 2c' - n - d; and "d" Is an 

28 Integer greater than or equal to 1. 

29 Illustrative.' but not limiting, examples of second 

30 components which can be used 1n preparing catalyst systems utilized 

31 In the process of this Invention wherein the anion of the second 

32 component. contains a plurality of metalloid atoms (as In formulae 5 

33 and 6) are ammonium salts such as ammonium 1-carbadodecaborate (using 

34 1-carbadodecaborate as an Illustrative, but not limiting, counterion 

35 for the ammonium cations listed below): monohydrocarbyl-substltuted 

36 ammonium salts such as methyl ammonium 1-carbadodecaborate. 

37 ethyl ammonium 1-carbadodecaborate, propyl arnnonl urn 
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1 1-carbadodecaborate, Isopropyl ammonium 1-carbadodecaborate, 

2 (n-butyl) ammonium 1-carbadodecaborate, anlllnlum 1-carbadodecaborate 

3 and (p-tolyl)amrnonium 1-carbadodecaborate and the like; 

4 dlhydrocarbyl-substltuted ammonium salts such as dimethyl ammonium 

5 1-carbadodecaborate, diethyl ammonium 1-carbadodecaborate, 

6 dl propyl ammonium 1-carbadodecaborate. dllsopropyl ammonium 

7 1-carbadodecaborate, dl (n-butyl) ammonium 1-carbadodecaborate, 

8 dl phenyl ammonium 1-carbadodecaborate, d1(p-tolyl)ammon1 urn 

9 1-carbadodecaborate and the like; trlhydrocarbyl-substl tuted ammonlui 

10 salts such as trlmethyl ammonium 1-carbadodecaborate, trl ethyl ammonlui 

11 1-carbadodecaborate, trl propyl -ammonium 1-carbadodecaborate, 

12 trl(n-butyl) ammonium 1-carbadodecaborate, trl phenyl ammonium 

13 1-carbadodecaborate, tr1(p-tolyl )amroon1um 1-carbadodecaborate, 

14 N,N-d1methy1an111n1um 1-carbadodecaborate. N,N-d1ethylan1Hn1um 

15 1-carbadodecaborate and the like. 

16 Illustrative, but not limiting examples of second compounds 

17 corresponding to Formula 5 [using trl (n-butyl )ammon1um as an 

.18 illustrative, but not limiting, counterlon for the anions listed 

19 below] are salts of anions such as b1s[tr1(n-buty1)ammon1um] 

20 nonaborate, b1s[trKn-butyl)ammon1um]decaborate, b1 sCtrl (n-butyl ) 

21 ammonlumlundecaborate, b1 sCtrUn-butyl )ammon1um] dodecaborate. 

22 b1 sttrl (n-butyl )ammon1um]decachlorodecaborate. tri (n-butyl )ammon1 urn 

23 dodecachlorododecaborate, trl (n-butyl )ammoni urn 1-carbadecaborate, 

24 tri (n-butyl) -ammonium 1-carbaundecaborate. trl (n-butyl )ammon1um 

25 1-carbadodecaborate. trl (n-butyl )ammon1 urn 

26 l-trimethyls1ly1-l-carbadecaborate, trl (n-butyl )ammon1um 

27 d1bromo-1-carbadodecaborate and the like; borane and carborane 

28 complexes and salts of borane and carborane anions such as 

29 decaborane(14), 7,8-d1carbaundecaborane(13), 

30 2,7-dicarbaundecaborane(13), 

31 undecahydrl do-7 ,8-dl methyl -7 . 8-dl carbaundecaborane, 

32 dodecahydr1do-1l-methyl-2,7-d1 -carbaundecaborane, trl (n-butyl) 

33 ammonium undecaborate(14) , trl (n-butyl )ammon1um 

34 6-carbadecaborate(12), trl (n-butyl )ammon1um 7-carbaundecaborate(13) , 

35 trl (n-butyl )ammon1 urn 7,8-d1carbaundecaborate(l2), 
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1 trKn-buty! ) ammonium 2 .9-dicarbaundecaborate(12) , 

2 tri (n-butyl) ammonium dodecahydr1do-8-methyl-7,9-d1 carbaundecaborate, 

3 tri (n-butyl )ammon1 urn undecahydr1do-8-ethy1-7 ,9-dl carbaundecaborate , 

4 tri (n-butyl) ammonium undecahydrido-8-butyl-7,9-di carbaundecaborate, 

5 tri (n-butyl) ammonium undecahydr1do-8-al 1yl-7,9-d1carbaundecaborate, 

6 tri (n-butyl )ammon1um 

7 undecahydrldo-9-trlmethyl si lyl -7. 8-d1 carbaundecaborate, 

8 tr1 (n-butyl )ammon1um undecahydrido-4,6-dibromo-7-carbaundecaborate 

9 and the like; boranes and carboranes and salts of boranes and 

10 carboranes such as 4-carbanonaborane(14) § 1 ,3-d1carbanonaborane(13) , 

11 6 , 9-dl carbadecaborane( 1 4) , 

1 2 dodecahydr 1 do-1 -phenyl - 1 , 3-di carbanonaborane , 

13 dodecahydrl do-l-methy 1 -1 f 3-di carbanonaborane . 

14 undecahydrldo-1 ,3-dimethyl-l ,3-di carbanonaborane and the like. 

1 5 Illustrative, but not limiting, examples of second compounds 

16 corresponding to Formula 7 [using tr1 (n-butyl )ammon1 urn as an 

17 Illustrative, but not limiting, counterlon for the anions listed 

18 below] are salts of metal lacarborane and metallaborane anions such as 

19 tri (n-butyl )ammon1um bi s(nonahydrido-l .3-di carbanonaborato) 

20 cobaltate(III). tr1 (n-butyl )ammoni urn 

21 bi s(undeca-hydrido-7,8-dicarbaundecaboratoferrate(III) f tri (n-butyl) 

22 ammonium bis(undecahydr1do-7.8-dicarbaundecaborato)cobaltate(III) , 

23 tri (n-butyl )ammoni urn bi s(undecahydrido-7.8-d1carbaunaborato) 

24 nikelate(III), tri (n-butyl )ammoni urn bi s(nonahydrido-7 t 

25 8-d1methy1-7,8-dicarbaundecaborato)ferrate(III), tri (n-butyl )ammoni urn 

26 bis(nonahydrido-7 f 8-dimethyl-7,8-dicarbaundecaborato)chromate(III) , 

27 tri (n-butyl) ammonium 

28 b1s(tribromooctahydrido-7,8-dicarbaundecaborato)cobaltate(III) t 

29 tri (n-butyl )ammon1 urn bi s(dodecahydridodicarbadodecaborato) 

30 cobaltate(III) , tr1s[tri(n-butyl)ammonium] bis 

31 (undecahydrido-7-carbaundecaborato)chromate(III) , 
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1 bis[tr1(n-buty1 ) ammonium] 

2 b1s<undecahydrido-7-carbaundecaborato)manganate(IV>, 

3 b1sCtri<N-butyl>ammon1um] b1s(undecahydr1do-7-carbaundecaborato) 

4 cobaltate(III). blsttrl (n-botyl )anmon1um] . 

5 b1s<undecahydrido-7-carbaundecaborato> nickelate(IV) and the like. A 

6 similar 11st of representative phosphonlura compounds can be recited 

7 as Illustrative second compounds, but for the sake of brevity, it 1s 

8 simply noted that the phosphonlum and substltuted-phosphonium'salts 

9 corresponding to the listed ammonium and substltuted-ammonlum salts 

10 could be used as second compounds In the present Invention. 

Choice of Hetallftr ene-Actlvator Pairs 

11 In general, and while most metallocene components Identified 

12 above may be combined with most activator components Identified above 

13 to produce an active olefin polymerization catalyst, It 1s Important 

14 for continuity of the polymerization operations that either the metal 

15 cation initially formed from the metallocene component or a 

16 decomposition product thereof be a relatively stable catalyst. It 1s 

17 also important that the anion of the activator compound be stable to 

18 hydrolysis when an ammonium salt Is used. Further, 1t Is Important 

19 that the acidity of the activator component be sufficient, relative 

20 to the metallocene component, to facilitate the needed proton 

21 transfer. Activator compounds containing aryl-aononl urn salts such as 

22 N.N-d1methyl.anil1um are more acidic than trlalkylammonlum salts and 

23 therefore are useful with a wider variety of metallocene components. 

24 The basicity of the metal complex must also be sufficient to 

25 facilitate the needed proton transfer. In general, 

26 bisCcyclopentadlenyDmetal compounds which can be hydrolyzed by 

27 aqueous solutions can be considered suitable as netallocene 

28 components to form the catalysts described herein. 

29 The chemical reactions which occur may be represented by 

30 reference to the general formulae set forth herein as follows: 



WO 91/12285 



PCT/US91/00835 



- 22 - 



1 
2 
3 
4 

5 



A. 

B. 



<A-Cp)HX 1 X a ♦ a'-H] + [BT- [(A-Cp)MX 1 ] + [B']- + HX j+ L' or 

, , C(A-Cp)MX 2 ] + CB']%HX ♦!.' 

(A-CpW^', + [L'-H] + CB']-- C(A-Cp)MX' i X' a H] + [B']%L' o 

[(A-Cp)MX' a X' i H]*CB']- + L' 



C. (A-Cp)ML ♦ [L'-H] + CB«]-- C(A-Cp)M(LH)]*CB']%L' 



9 



. (Cp*)(RCp^MX i ♦ [L'.-H]*[BT- [(C p*)(HR- Cp)MX i ] 4 r,B-r + L' or 

[(Cp*)(fe-Cp)MV[B';r + hx x ♦ f 
In the foregoing reaction equations, the letters A-D 
8 correspond to the numbers 1-4. respectively, set forth 1n combination 
n with the general equations for useful metal locene compounds. B' 

0 represents a compatible Ion corresponding to the general formulae 

1 outlined 1n formulae 5, 6 and 7 above. When the metal locene and 

2 activator components used to prepare the Improved catalysts of the 

3 present Invention are combined In a suitable solvent or diluent, all 

4 or a part of the cation of the activator (the addle proton) combines 

5 with one of the substltuents on the metal locene compound. In the case 
S where the metallocene component has a formula corresponding to that of 

7 general formula 1. a neutral compound Is liberated, which neutral 

8 compound either remains 1n solution or 1s liberated as a gas. In this 

9 regard. It should be noted that 1f either X or X in the 

20 metallocene component Is a hydride, hydrogeJ gas may be liberated. 

21 Similarly, 1f either X t or X, 1s a methyl radical, methane may 

22 be liberated as a gas. In the cases where the first component has a 

23 formula corresponding to those of general formulae 2. 3 or 4 

24 (optional), one of the substltuents on the metallocene component is 
25protonated but no substltuent 1s liberated. In general, the stability 

26 and rate of formation of the products In the foregoing reaction 

27 equations will vary depending upon the choice of the solvent, the 

28 acidity of the [L'-H] + selected, the particular L' , the anion, the 

29 temperature at which the reaction is completed and the particular 
30 cyclopentadienyl derivative of the metal selected. 

31 w1th respect to the combination of the metallocene component 

32 with the activator component to form a catalyst of this Invention, it 
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1 should be noted that the two tompounds combined for preparation of the 

2 active catalyst must be selected so as to avoid transfer of a fragment 

3 of the anion to the metal cation, thereby forming a catalytlcal ly 

4 Inactive species. This could *be done by sterlc hindrance, resulting 
from substitutions on the cyc.lopentadlenyf carbon atoms as well as 

6 substitutions on the non-coordinating anion. 

7 It follows, then, that the metallocene components comprising 

8 perhydrocarbyl-substHuted cyclopentadlenyl radicals could be 

9 effectively used with a broader range of activator compounds than 

10 could metallocene components comprising unsubstltuted cyclopentadlenyl 

11 radicals. 

12 As tne amount and size of the substitutions on the 

13 cyclopentadlenyl radicals are reduced, however, more effective 

14 catalysts. are obtained with activator Compounds containing 

15 non-coordinating anions which are larger in size and more resistant to 

16 degradation. In the case where the non-coordinating anion 1s an 

17 anionic coordination complex, such as a tetraphenyl boron derivative. 

18 substitutions on the phenyl rings can be used to prevent the transfer 

19 of a proton or an entire phenyl group from the anion to the metal. 

20 This can be accomplished by alky 1 substitution 1n the ortho positions 

21 of the phenyl groups, or. more" preferably, by perf luoro-substHutlons 

22 on the anion. Thus, anionic coordination complexes containing 

23 perfluorphenyl-. trlfluoromethylphenyl-. or bls-trlfiuormethylphenyl 

24 rings are preferred for this subgenus of activator components. Hhen 

25 the non-coordinating anion contains a plurality of boron atoms as 

26 described in general formulae 6 and 7, more effective catalysts are 

27 obtained with activator compounds Containing larger anions, such as 

28 those encompassed by Equation 7 and those having larger m values 1n 

29 Equation 6. In these cases It 1s further preferable when using second 

30 compounds which are encompassed by Equation 6. that a ♦ b ♦ c - 2. 

31 Second compounds 1n which a ♦ b ♦ c - even-numbered Integers of 4 or 

32 more have acidic B-H-B moieties which can react further with the metal 

33 cation formed, leading to catalytlcally inactive compounds. 

34 As Seated supra, most metallocene compounds will combine 

35 with most activator compounds to give an active polymerization 
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catalyst. The initially formed catalyst is not, however, always 
sufficiently stable as to permit its separation and subsequent 
3 Identification. However, catalysts which are thermally stable are 
preferred for the production of block or tapered copolymers. Three 
structurally distinct forms of thermally stable Ionic catalysts have 
been Identified by NMR spectroscopy and are shown below In equation 8. 

7 8a. CA-CpMX 1 lC(C a B f H ll ) a Co] 

8 8b. CA-CpMXjd'mBCC/^CX,)] 

9 8c. C(A-CpHX i ) 2 X 1 3CB'] 

10 m the foregoing reactions the symbols A-Cp, H, X , L* and X 

11 correspond to the definitions set forth in equations 1-4 and's-Sa, 

12 respectively; 8' represents a compatible non-coordinating anion 

1 3 corresponding to the general formulae set forth 1n equations 5. 6 and 

1 4 7. In example 8a. NMR spectroscopy indicates that the 

1 5 metal lacarborane anion is weakly bound to the metal center; the 

16 biproduct L 1 does not form an observable coordination complex with the 

17 metallocene center. In 8b. NMR experiments indicate that the 

18 fluorinated boron anion is completely non-coordinating and that L\ 

19 weakly coordinates to and stabilizes the metallocene cation when the 

20 tertiary amine (L') Is an aniline derivative. The ability of L' to 

21 coordinate to the metal 1s Important to the stability of the catalyst 

22 systems whichhave highly noncoordlnatlng anions. The Lewis basicity 

23 of the L' can affect the rate of polymerization and other 

24 polymerization parameters. Experience has shown that when the bulk of 

25 the amine or the metallocene cation Is Increased by substitutions on 

26 the nitrogen atom or the cyclopentadienyl llgands respectively, the 

27 ability for the amine to coordinate to the metal center decreases. 

28 Addition of excess metallocene ACpM(X i ) j to 8a or 8b results 

29 1n displacement of the anion 1n 8a or the aniline llgand In 8b to form 

30 a stable dlmeric cation 8c. 
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1 Preferred Catalysts For the Prnrim-H™ B i ork anH Tap ^ frf 

2 Copolymers 

3 Ideal catalyst systems for the production of block, copolymers 

4 are single-sited living catalysts. Living catalysts are those systems 

5 In which chain transfer Is nonexistent and the rate of Initiation Is 

6 fast compared to propagation. Catalysts which have finite chain 

7 transfer rates may also be useful for the production of block and 

8 tapered copolymers If the rate of propagation 1s fast relative to 

9 termination. It 1s also Important that the average chain lifetimes 

10 are reasonably long (minuted to hours) 1n order to permit adequate 

11 time for modifications of the reactor conditions (e.g. changing 

12 monomer feed streams). While most reasonably stable Ionic catalysts 

13 described above will under suitable conditions produce block and/or 

14 tapered copolymers of nonpolar olefins, it Is preferred that the 

15 catalyst be: 1) thermally stable (recoverable as a single 

16 organometalllc complex). 2) versatile In terms of random copolymer 

17 synthesis (I.e. capable of preparing HOPE, 1-PP, S -PP, EP-rubber. 

18 LLOPE etc.). 3) capable of producing high molecular weight polymers at 

19 reasonable temperatures and pressures. 4) high activity (fast 

20 propagation catalysts) and 5) slow In chain termination reactions so 

21 that few chains of polymer product are produced per hour per site. 

22 Ionic catalysts of the fori EA-CpHMe(L , )][B(C F ) (X )] are 

23 the preferred catalysts for the produitfdn of block and tapered 

24 copolymers of ethylene. 1-otefins. dlenes, cyclic olefins and other 

25 unsaturated- monomers. Ionic catalysts -of this form where H - Hf are 

26 the most preferred catalyst systems because they are more stable, 

27 produce higher molecular weight copolymers, and have longer chain 

28 lifetimes than corresponding Zr or Tl-based systems. Polymerizations 

29 using hafnium systems of this form under standard random copolymer 

30 conditions as described in'tfur copending U.S. Patent Application No. 

31 133.480 produce high moleciitar weight HOPE, LLDPE, a-PP, 1-PP, s-PP, 

32 and EP-rubber at rates comparable to similar Zr-based catalysts. 

33 Tapered and block copolymer^ containing these segments can be 

34 produced using the appropriate hafnium ionic catalyst using the 

35 techniques and process conditions set forth in the following sections. 
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1 Processes For the Production of Blnrir an d TanproH Copolymers 

2 Many procedures for modifying the reactor conditions and 

3 monomer feeds for the production of block copolymers have been 

4 developed and'applled using conventional Zlegler-Natta catalysts. 

5 The patent literature concerning block copolymer from Zlegler-Natta 

6 catalysts disclose a variety of processes for altering reactor 

7 conditions. The processes Include batch reactors and sequential 

8 additions techniques, series batch reactors, loop and tubular 

9 reactors, and fluldlzed bed reactors. A review of the processes and 

10 patents Is given 1n chapter 4 of "Block Copolymers" CO. C. Allport 

11 and H. H. Oames; John Wiley and Sons. New York 1973]. As Indicated 

12 supra, the application of these processes using conventional 

13 catalysts In general produces broad molecular weight distributions of 

14 poorly defined polymer blends. In principle, the catalysts of this 

15 Invention can be used 1n any of the processes described above for the 

16 production well-defined block copolymers of higher purity than 

17 obtained using conventional Zlegler-Natta catalysts. 

18 The most demanding process, that 1s the process which 

19 requires the longest chain lifetimes, Is the sequential addition. 

20 When the catalyst or Initiator produces growing chains with 

21 sufficiently long lifetimes, the sequential addition technique allows 

22 for the production of block copolymers having non-tapered transitions 

23 between different polymer segments. Sequential addition techniques 

24 are commonly used to produce styrenlc block copolymers (Kraton for 

25 example) using anionic Initiators. 

26 In the first step of the sequential addition process 

27 employed In accordance with this Invention the catalyst 1s placed 1n 

28 a well stirred batch reactor In a suitable solvent and first segment 

29 of the block copolymer 1s grown by adding a specific number of molar 

30 equivalents of monomer(s). The catalyst consumes all of the 

31 monomer(s) prior to addition of the second monomer(s) (a different 

32 set of monomers than in the first step). This procedure can be 

33 repeated to prepare mult! block copolymers. 

Sequential Addition &md_lllflnj 

34 For a given catalyst and target block or tapered copolymer a 
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1 solvent, temperature and catalyst concentration must be chosen so 

2 that 1) narrow molecular weight distribution, high molecular weight 

3 copolymer segments can be synthesized; and 2) the molecular weight of 

4 the copolymer segments can be controlled by varying the 

5 catalyst-to-monomer molar ratio. Under these conditions the system 

6 is behaving In a quasi living fashion (I.e. slow chain transfer) and 

7 narrow molecular weight block copolymers can be prepared 1n high 

8 yield. Methods for choos1ng r *he conditions for a particular catalyst 

9 system are given below. 

Solvent 

10 Preferably, the solvent should normally disperse or dissolve 
H the catalyst to form a well-mixed system. The most preferred 

12 catalysts for block copolymer synthesis, r 

13 CACpHfMe(L')][B<C | F B ) 4 ], are prepared In toluene and form non-mis1ble. 

14 toluene-disperslble phases. This two-component phase contains the 

15 catalyst and a particular amount of toluene; the concentration of 

16 toluene In the catalyst phase depends on temperature and the structure 

17 of the catalyst. Addition of an aliphatic 

18 hydrocarbon to the toluene-c^alyst emulsjOn causes Immediate 

19 precipitation of the catarysl' from solution to give a soft waxy. 

20 non-dlsperslble catalyst deposit. While aliphatic hydrocarbons.' 

21 fluorlnated hydrocarbons, and chlorinated aromatic hydrocarbonsmay 

22 be used In this inventions the preferred solvents for the preparation 

23 of block copolymers from the most preferred catalysts are aromatic 

24 hydrocarbons such as toluene, xylene, ethyl benzene and the like. 

25 The lack of solubility or compatlbl 1 1 ty of the catalyst phase 1n the 

26 aromatic solvent does not present significant problems in terms of 

27 molecular weight broadening because the phase Is highly disperslble 

28 even at lower temperatures. 

Temperature 

29 The reactor temperature strongly affects the yield of block 

30 copolymer and must be adjusted depending on the type and 

31 concentration of monomers and catalyst used. The general procedure 

32 for determining this condition Is to 1) find the maximum temperature 

33 where high molecular weight polymer segments can be prepared and 2) 
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1 confirm the molecular weight Is controlled by the catalyst-to-monomer 

2 ratio at this temperature. The general trend 1s that higher 

3 temperatures cause chain transfer to be more rapid relative to 

4 propagation and therefore give lower block copolymer yields. The 

5 process may be carried out at temperatures of -80*C to 80*C, however, 

6 It Is preferred that the temperature be 1n the range of -10 # C to 

7 20 # C. 

Concentration pf CaUlYSt 

8 The concentration should be high enough to produce 

9 significant rates of polymerization under the generally low pressure 

10 conditions of sequential addition. The concentration should not be 

11 so high as to produce uncontrollable exotherms upon exposure to the 

12 monomer. The exotherm can be controlled, however, by adjusting the 

13 rate of monomer addition during the formation of a block, segment. 

14 This level of control allows for a large range of acceptable 

15 catalysts concentrations. The process may be carried out at catalyst 

16 concentrations ranging from about 6 x 10** to about 6 x 1(T 2 

17 moles of catalyst/liter of solution, however It 1s preferred that 

18 catalyst levels be 1n the range of 1 x 1(T 4 to about 3 x 10' 1 

19 moles of catalyst/liter of solution. 

Monomer Concentration 

20 The amount of monomer added depends on the molecular weight 

21 of the targeted polymer and the moles of active catalyst In the 

22 reactor. Molar ratios of monomer to catalyst may be in the range of 

23 about 10:1 to about 10,000:1. The monomers may be added quickly or 

24 may be metered 1n to the reactor to control exotherms. 

Order of Monomer Addition 

25 Precipitation of polymer (with catalyst attached) causes 

26 undesirable broadening of the molecular weight distribution due to 

27 mass transport limitations and poor mixing. It is therefore 

2 ** preferred to prepare the soluble block (generally the elastomerlc 

29 segment) In the first stage of the reaction. Thus, as Indicated in 

30 the examples, when ethylene 1s added In the first step in the 

3 1 synthesis of a HDPE-b-atact1c-PP diblock copolymer the initially 

32 formed polyethylene precipitates with the catalyst and the final 
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1 molecular weight distribution of crude block copolymer product Is 

2 rather broad (Mw/Mn - 3.0). "Addition of propylene 1n the first step 

3 produces a system which remains Homogeneous throughout the block 

4 copolymer synthesis, yielding a crude product having a much narrower 

5 MwHn - CI. 7 - 1.8). 

Preparation of Tano red anrf Random Cnpftlyg r ^ 

6 Addition of stoichiometric amounts of a alxture of two 

7 olefins to the reactor under block, copolymer conditions will 

8 naturally produce tapered copolymer because the monomers will 

9 generally have different reactivities with the catalyst. Thus, the 

10 head of the polymer will be rich in the more reactive comonomer while 

11 the polymer tail will contafn larger amounts of the slower reacting 

12 comonomer. The extent of tapering will depend on magnitude of the 

13 difference of monomer reactivity. The extent of tapering can be 

14 controlled by metering the two monomers" into the reactor at different 

15 rates. •: : '- " 

16 Random copolymers such as non-crystalline ethylene-propylene 

17 rubber can be made under block copolymer "conditions by adding the 

18 fast monomer (ethylene) to the catalyst'/propylene mixture at a rate 

19 where the desired amount of ethylene has been added when all the 

20 propylene has been consumed, this procedure Is exemplified for a 

21 ethylene-propylene elastomer containing 50 mole t propylene. 

Block Cop olymer Pi^odurts . 

22 Th * novel polymer products ofthls invention are olefinlc 

23 block and tapered copolymers having narrow molecular weight 

24 distributions and well-defined dl-, tr1-. mUWblock or tapered 

25 structures. The polymer segments which can be Incorporated Into 

26 these architectures Include 1) elastomers such as atactic 

27 polypropylene, atactic poly-1-olefins, and ethyl ene/l-olef1n 

28 copolymers wherein the ethylene comonomer is a C -C 

29 a-olefln such as ethyl ehei-propyl ene. ethylene butene. and 

30 ethyl ene-octene copolymers ethyl ene^propylene-dl ene terpolymers and 

31 other crossllnkable elastbmetlc olefins; 2) thermoplastics such as 

32 high density polyethylene, linear low density polyethylene having 

33 melting points from 80-1'35'G (e.g.- ethylene-propylene and other 
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ethylene-1-olefln copolymers wherein each l-olef1n has from about 4 
to 20 carbon atoms), ethyl ene/diene copolymers such as 
ethyl ene/ethyldlene-norbornene copolymers, Isotactlc polypropylene 
having melting points from KXTC-ieS^C, syndlotactlc polypropylenes 
having melting points from IOO'C-165'C. heml-isotactic polypropylenes 
and other crystalline 1-olefin homo and copolymers; and 3) glasses 
such as homo-polycyclopentene, homopolynorbornene and the like. The 
average molecular weight of the polymer segments Included 1n the 
novel block copolymers of this Invention can be 1n the range of from 
100-1,000,000 daltons. preferably from 30,000 to 200.000 daltons. 

11 The molecular weight distributions <Mw/Hn) of the crude and/or 

12 fractionated block copolymer are In the range from about 1.0 to about 

13 5.0, preferable from about 1.1 to about 2.0. As Indicated above and 
1n the examples following the percentage of block copolymer In the 
crude product can vary from about 11 to 1001. preferably from about 
501 to about 901 depending on the application and the conditions of 

17 the experiment. 

18 Tl »e block copolymers of this Invention can be represented by 

19 the following general formulae: 

20 (A l XA 2 )(A j )-'---(A n ) 

21 wherein each A Is a polymer segment having an average molecular 

22 weight from about 100 to about 1.000,000 daltons chosen Independently 

23 from homopolymers consisting of HOPE, homo and copolymers of cyclic 

24 olefins, such as polycyclopentene and polynorbornene, and isotactlc. 

25 atactic, and syndlotactlc poly-l-oleflns such as atact1c-PP, 

26 1sotact1c-PP. syndlotactlc-PP; random copolymers of 1-oleflns and 

27 dl olefins such as ethylene-propylene rubber, 

28 ethyl ene-propylene-hexad1ene rubber, ethyl ene-butene rubber, linear 

29 low density polyethylenes, such that no adjacent segments are the 

30 same polymer composition. 

31 Nove 1 block copolymers of this Invention include but are not 

32 limited to dl block copolymers such as (HDPE)CEP), O-PP(EP), 

33 (LlDPEXa-PP), (HDPEXa-PP) . (LLDPE(HDPE) and the like, and triblock 
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1 copolymers such as (HOPE)(EP)(HDPE), (HDPE)(a-PP)(HDPE), 

2 (HDPE)(EP)LLDPE) f (LLDPE) (a-PP) (LLDPE) , (HDPE) (a-PP) (LLDPE) , 

3 (1-PP)(EP)(i-PP), (s-PP)(EP)(s-PP) and the like. It will be recognized 

4 to those well versed in the field that the isotactic polypropylene 

5 segments contained 1n the block copolymers of this Invention have 

6 mlcrostructure defects which are not observed 1n conventional i-PP 

7 materials prepared using titanium ZiegJer-Natta catalyst. The 

8 mlcrostructure defects which are unique to isotactic polypropylenes 

9 prepared using metallocene catalysts arise from 1-3 and 2-1 additions to 

10 propylene. The melting points of such materials can vary from 60°C to 

11 165°C depending on the total number total defects. 

12 The tapered copolymers can be represented by similar general 

13 formula where the transitions between Idealized polymer segments A 

14 are gradual. These gradient transitions between segments are 

15 represented by arrows. 

16 (A) >(A > >(A )— > (A J. 

17 An example of this would be a polymer prepared by reacting a 50-50 
18 mixture of ethylene and propylene with a living catalyst which has a 
19 high preference for ethylene pyer propylene. The tapered polymer 
20obta1ned In such an experiment would be designated by the following 
21 formula: 



22 



HOPE >EP — >a-PP 
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EXAMPLES 

Catalyst Preparation. The catalyst used in the following examples 
was prepared in dry, deoxygenated toluene (5.0 cc) by reacting 
Cp2HfHe2 with one equivalent of [DMAHJ [B(pfp)4] (where DHAH - 
PhHe2NH + and pfp - C6F5) at room temperatur for 5-10 minutes. The 
reaction is known to cleanly produce methane gas and a single 
ionic catalyst [Cp 2 HfMe(PhNMe 2 )] [B(pfp) 4 ] . 



Example 1 
First Ethylene then Propylene. 
The reactor was cooled to 0°C and charged with 400 mis of 

8 toluene and 0.30 mmoles of catalyst. Ethylene (4.0 grams; 0.143 

9 moles) was added to the reactor. After all the ethylene was 

10 consumed, propylene (6 grams; 0.139 moles) was added; after 30 

11 minutes the reactor was dropped and the product collected. The 

12 crude product contained 50 mole % propylene, had an 
H n - 87,000 with a molecular weight distribution of 3.0. The 
crude product was washed with hexane at room temperature to remove 

15 any -PP which was not in the form of block copolymer. The hexane 

16 insoluble material contained cyrstalline HDPE (as determined by 

17 IR) and 30 mole % propylene; the H n was 144,000 with a molecular 

18 weight distribution of 1.89. The hexane soluble fraction was - 

19 PP, did not contain ethylene (by IR), and had an M n of 63,000 with 

20 a molecular weight distribution of 1.47. Based on the extraction 

21 studies, it was concluded that 50-60% of the -PP chains were 

22 incorporated into a block coplyraer under these conditions. 



7 



13 
14 
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1 M n - 87.000 with a molecular weight distribution of 3.0. The crude 

2 product was washed with hexane at room temperature to remove any 

3 a-PP which was not 1n the form of block copolymer. The hexane 
Insoluble material contained crystalline HDPE (as determined by IR) 
and 30 mole 1 propylene; the M fl was 144,000 with a molecular weight 
distribution of 1.89. The hexane^ soluble fraction was a-PP, did 

7 not contain ethylene (by IR) , and had a H n of ! 63,000 with a' 

8 molecular weight distribution of 1.47. Based on the extraction 

9 studies, It was concluded that 50-601 of the a-PP chains were 

10 Incorporated Into a block copolymer under these conditions. 

Example 2 
First Propylene Th» n Ethv1pn f 

11 The procedure of ExampTe 1 was repeated except propylene was 

12 added first. The crude product had 41 mole I propylene (IR). a M 

13 of 170.000 with a molecular wefgnt distribution of 1.78. A pad wSs 

14 pressed and extracted with hexane .for 4 hours. At this point, the 

15 material contained 37 mole t propylene and very crystalline HOPE. 

16 The pad was further extracted with toluene at room temperature for 50 

17 hours with no loss of weight. The extracted "diblock" had a H of 

18 .230.000 and a molecular weight distribution of 1.48 (the hexane" 
19. solubles were a-PP having a Mn of 125.000 and a molecular weight 

20 distribution of 1.72). 

ExamplP 3 

Molecular Heigh t Cont rol T n Block rhymer Wh» t<1 

21 Using the procedure in Example 2, 3.0 grams of propylene 

22 (0.070 moles) were added to 0.30 mmole of the hafnium catalyst. 

23 After the propylene (0.071 moles) was completely consumed. 2.0 grams 

24 of ethylene were added to the system. The resulting product was 

25 washed with hexane at room temperature to remove any a-PP. The 

26 resulting block copolymer had a Mn of 107.000 and a molecular weight 

27 distribution of 1.68, and contained 42 mole 1 propylene by IR 

28 spectroscopy. 
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Example 4 
Effect of Temperature 

1 If the temperature Is raised the effect Is to lower the 

2 efficiency of the block formation. The temperature was raised from 

3 O'C to 10*C and the blocking efficiency was reduced to less than 101 

4 to 65X. When the temperature was lowered to -5*C, the blocking 

5 efficiency improved 78X. 

Example 5 
The Effect of Increasing the Time 
Between the Additi on of Mnn^mor^ 
A series of block copolymerizatlons were run at 0*C and the 

7 time between the addition of propylene and ethylene was varied from 6 

8 to 42 minutes. The crude products were collected, analyzed by GPC 

9 and IR t then extracted with hexane at room temperature for 65 hours 

10 to remove unblocked a-PP. In a well-behaved system wherein the 

11 extraction technique removes all of the a-PP, a logrl thmlcal ly 

12 Increase In the percent of hexane extractables with time would be 

13 expected. The data of this example Is shown 1n Fig. 1 1n graphical 

14 form. The Y-ax1s represents the percent of polypropylene which Is 

15 Incorporated Into the block copolymer. The extractables were 

16 Isolated and analyzed by GPC and IR; they were all pure a-PP. . The 

17 correlation Is close to the linear result expected so that this 

18 technique can be v used to evaluate the kinetics of chain loss under a 

19 variety of conditions. This result confirms the ability to make true 

20 block copolymers, and confirms that hexane extraction 1s a good 

21 measure of block copolymer efficiency for this polymer system. 
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Example 6 
Preparation of fP 

1 In this example. 1.6 grams of propylene (0.037 moles) were 

2 added to [Cp j HfHe(L)]CB(pfp) 4 3 <tfV30 mmole) 1n 400 cc of 

3 toluene at 0"C. Immediately after the propylene addition, l.i grams 

4 of ethylene (0.039 moles) was metered In over 3 minutes. After six 

5 minutes, the product was recovered yielding 2.7 grams of amorphous EP 

6 rubber. The product was non-crystalline by IR; the polymer had a 

7 M R of 96,000 and a molecular weight distribution of 1.69. 



Example 7 

Preparation of fP 

8 In this example, 3.2 grams of propylene (0.074 moles) was 

9 added to [Cp a HfMe(L)][B(pfp) 4 ] (0.30 mmole) 1n 400 cc of 

10 toluene at 0"C. Ethylene (2.2 grams; 0.078 moles) was added to the 

11 reactor over 5.5 minutes. The product was recovered yielding 5.7 

12 grams of EP rubber having a M n of 155.006. and a molecular weight 

13 distribution of 1.48. The IR showed some degree of PE-crystallinity. 

Example g 
Preparation of rP-b-^npg 

14 Example 6 was repeated to prepare "living" EP-rubber. After 

15 all the monomer had been consumed, ethylene (1.1 grams) was added to 

16 prepare the desired block copolymer. The product was recovered 

17 yielding 4.25 grams of copolymer. ? ; The IR showed PE crystall lnlty and 

18 the polymer had thermoplastlc-Uke properties. The onset of Tg was 

19 -52.9*C and the product had a melting point of 119 # C. The M of 

20 the crude product was 161.000 with a molecular weight distribution of 
Zi 1.59. 
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1 Example 9 The intention of this example is to demonstrate 

2 that slow chain transfer can be used to catalytically prepare 

3 block copolymers. This is an example of in-situ catalyst 

4 recycle leading to the production of mixtures of small 

5 amounts of homopolymer and mixtures of multiblock copolymers 

6 <AB, ABA, BAB etc) . 

7 The reactor was cooled to 0°C and charged with 400 mis of 

8 toluene and 0.15 mmole of catalyst. In step 1, propylene 

9 (1.5 grams) was added to the well stirred reactor causing a 

11 pressure increase of 7 psi . After 7 minutes the pressure in 

12 the reactor dropped to zero and the reactor was vented 

13 through a nujol bubbler to remove any residual propylene in 
the system. In step 2, ethylene (1.0 grams) was added. The 
ethylene was consumed in less than one minute. After all the 
ethylene was consumed the reactor was vented. These 
sequential steps were repeated 5 more times resulting in 
similar monomer conversion rates. The reactor was dropped 
and the the product was collected yielding 15 grams after 
drying. The crude product was analyzed by GPC and had a Kn = 
122K and a MWD = 2.2. The melting point was 126°C by DSC and 
the IR indicated the presence, of high crystallinity 
polyethylene. A thin pad weighing 1.25 grams was compression 
molded and extracted with hexane a room temperature for 72 
hours at room temperature. The pad was removed, dried and 
weighed yielding 1.13 grams of insoluble material. The 
insoluble material was analyzed by GPC and DSC and had a Mn = 
17 IK, a MWD » 1.8 and a melting point of 126°C. The soluble 
material was isolated (0.12 grams) and was identified as 

30 atactic PP. The extraction data indicated that 84% of the 

31 polypropylene is bonded to insoluble polyethylene segments. 
The data are not sufficient to detect homo-polyethylene, or 
to quantify the ratios of the various possible multiblock 

34 copolymers. The observation, however, that the Mn of the 
crude and extracted products in this experiment are only 
slightly higher than is typical of a standard A-B sequential 
addition (Mn - 1201-140K) at the same monomer : cata lyst ratio 
suggests that the chain lifetimes are not sufficiently long 
to produce high amounts of triblock or other higher order 
41 block copolymers. 
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r.yampl* 10. The reactor was cooled to 0°C and charged with 
400 mis of toluene and 0.15 mmole of catalyst. In step 1, 
propylene (1.5 grams) was a^dded to the well stirred reactor 
causing a pressure increase of 7 psi. After 7 minutes the 
pressure in the reactor dropped to zefo and the reactor was 
vented through a nujol bubbler to remove any residual 
propylene in the system. In step 2, ^ethylene (1.0 grams) was 
added. The ethylene was consumed in less than one minute. 
After all the ethylene was consumed the reactor was vented 
and in step 3 propylene (1.5 grams) wars added. The propylene 
was consumed in 7 minutes and after an/ addition 20 minute 
waiting period steps 1,2 and 3 were repeated. The reactor 
was dropped and 4 grams of crude dry product was isolated. 
The crude product was analyzed by GPC and had a Mn = 140K and 
a MWD =» 1.7. The IR spectrum indicated the presence of high 
crystallinity polyethylene. A thin pad weighing 1.07 grams 
was compression molded and extracted with hexane a room 
temperature for 72 hours at room temperature. The pad was 
removed, dried and weighed yielding 0.87 grams of insoluble 
material. The insoluble material was analyzed by GPC had a 
Mn = 192K, a MWD = 1.4. ■ The soluble material was isolated 
(0.20 grams) and was identified as atactic PP by IR and NMR 
spectroscopy. The extraction data indicated that 81% of the 
polypropylene is bonded to insoluble polyethylene segments. 

Example 11, In this example we describe an attempt to 
prepare an ABA triblocx copolymer where the A-block is high 
density polyethylene and the B-block is elastomeric atactic 
polypropylene. We disclose a technique where a small amount 
of propylene (5% of the amount added in the B-step) is added 
in a prepolymerizat ion step. The effect of this is to 
solubilize the insoluble polyethylene A-segment and prevent 
precipitation of the living polymer. When this procedure is 
used a clear, apparently homogeneous reaction mixture is 
formed. Similar experiments where the prepolymerizat ion step 
is not used gives * heterogeneous reaction mixture, lower 
blocking efficiencies and broader molecular weight 
distributions. 



WO 91/12285 



PCT/US91/00835 



- 38 - 

1 The reactor was cooled to 0°C and charged with 400 mis of 

2 toluene and 0.15 mmole of catalyst. In a prepolymer izat ion 

3 step 1, propylene (0.15 grams) was added to the well stirred 

4 reactor. After 7 minutes the pressure in the reactor dropped 

5 to zero and the reactor was vented through a nujol bubbler to 

6 remove any residual propylene in the system. In step 2, 

7 ethylene (0.5 grams) was added. After 2 minutes, propylene 

8 (3.0 grams) was added to the well stirred reactor causing a 

9 pressure increase of 7 psi. The propylene was consumed in 4 

10 minutes at which point the reactor was vented and ethylene 

11 (0.5 grams) was added. The reactor was dropped and 

12 approximately 4 grams of crude dry product was isolated. The 

13 crude product was analyzed by GPC and DSC and had a melting 

14 point of 122°C, a Mn » 173K and a MWD - 1.9 (with a bimodal 

15 shape). A thin pad weighing 1.295 grams was compression 

16 molded and extracted with hexane a room temperature for 72 

17 hours at room temperature. The pad was removed, dried and 

18 weighed yielding 1.17 grams of insoluble material. The 

19 resulting material has thermoplastic elastomeric properties. 

20 The extraction data indicated that 86% of the polypropylene 

21 is bonded to insoluble polyethylene segments. 

22 £xamplel2 . The reactor was cooled to 0°C and charged with 

23 400 mis of toluene and 0.15 mmole of catalyst. In a 

24 prepolymerization step l f propylene (0.15 grams) was added to 

25 the well stirred reactor. After 7 minutes the pressure in 

26 the reactor dropped to zero and the reactor was vented 

27 through a nujol bubbler to remove any residual propylene in 

28 the system. In step 2, ethylene (0.25 grams) was added. 

29 After 2 minutes, propylene (3.0 grams) was added to the well 

30 stirred reactor causing a pressure increase of 7 psi. The 

31 propylene was consumed in 4 minutes at which point the 

32 reactor was vented and ethylene (0.25 grams) was added. The 

33 reactor was dropped and approximately 3.5 grams of crude dry 

34 product was isolated. The crude product was analyzed by GPC 

35 and DSC and nad a melting point of 122°C, a Mn =* 160K and a 

36 mwd * 1.8 (with a bimodal shape). A thin pad weighing 1.288 

37 grams was compression molded and extracted with hexane a room 

38 temperature for 72 hours at room temperature. The extremely 

39 swollen pad was removed, dried and weighed yielding 1.165 

40 grams of insoluble material. The resulting material has 

41 thermoplastic elastomeric properties. The extraction data 

42 indicated that 88% of the polypropylene is bonded to 

43 insoluble polyethylene segments. The insoluble product was 

44 analyzed by GPC and had a Mn - 184K and a MWD = 1.6 (with a 

45 bimodal shape) . 
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CLAIMS 

1. A process for the production of block copolymers 
comprising: 

(I) contacting a first oleflnk monomer(s) with a 
catalyst which is the reaction product of: 

(a) a metal locene component, and 

(b) a second component having a. cation capable of 
donating a proton and a compatible non-coordinating anion to'produce a 
first living polymer; and 

(II) sequentially adding to said living polymer at least 
a second monomer(s) to copolymers with said first polymer to produce 
a multl block copolymer; and 

(III) recovering a block copolymer 

2. The process of claim 1 wherein the block copolymer Is a 
di block copolymer. 

3. The process of claim 1 wherein the block copolymer is a 

triblock. 

4. The process of claim 1 wherein the catalyst reaction 
product 1s of the formulae: 

CA-CpMX 1 ]C(C a B f H ll ) j Co] 

CA-CpHX^a-mB^F,)^)) 

[(A^pMX^XJCB'l 

wherein: M 1s titanium, zirconium or hafnium; (A-Cp) Is either 
(Cp)CCp*) or Cp-A'-Cp* and Cp and Cp* are the same or different 
substituted or unsubsti tuted cyclopentadlenyl radicals; A' Is a 
covalent bridging group containing a Group IV-A element; L' Is a 
neutral Lewis base; ^ is a hydride radical, hydrocarbyl radical 
having from 1 to about 20 carbon atoms, substltuted-hydrocarbyl 
radical, wherein 1 or more of the hydrogen atoms are replaced with a 
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halogen atom, having from 1 to about 20 carbon atoms, or 
organo-metallold radical comprising a Group IV-A element wherein each 
of the hydrocarbyl substituents contained In the organo portion of 
said organo-metallold, Independently, contain from 1 to about 20 
carbon atoms; C t -C 10 and X s is a hydride, hallde. 
hydrocarbyl radical, a C^C^ hydrocarbyl radical wherein one 
or more of the hydrogen atoms 1s replaced by a halogen atom, 
organometalloid radical wherein each hydrocarbyl substitution In the 
organo portion contains from 1 to 20 carbon atoms and the metal Is a 
Group IVA metal . 

5. The process of claim 4 wherein the catalyst reaction 
product 1s represented by the formula: 

CA-CpMX 1 (L')][B<C 4 F 8 ) a (X j )] 

6. The process claim 1, wherein the catalyst Is the 
reaction product bisCcyclopentadlenyl) hafnium dimethyl and 
N,N-di methyl an1 1 1 n1 urn tetrakl s(pentaf 1 uorophenyl ) boron. 

7. The process of claim 1 wherein said steps of reacting, 
copolymerlzing, introducing and repeating are carried out at a 
temperature of from about -5*C to about 10 # C. 

8. The process of claim 1 wherein any of said monomers 1s 
selected from ethylene, propylene, 1-butene. 

9. Oleflnlc block copolymers having a Mw/Hn of from about 1 
to 5 represented by the formula: 

(A i )(A a )(A j ) (An) 

wherein each A represent a polymer segment having an average of Mw of 
from 100 to about 1,000.000 daltons. each adjacent A represents a 
different oleflnic polymer segment, A being selected from HOPE, 
atactic-l-oleflns, Isotactic 1-oleflns. syndiotactlc l-olef1ns. homo- 



WO 91/12285 



PCT/US91/00835 



- 41 - 

and copolymers of cyclic olefins, and random copolymers of 1-oleflns 
and dloleflns. 

10. The olefin block copolymers of claim 9 wherein the 
polymer segments are selected from are atactlc-polypropylene, 
Isotactlc-polypropylene and syndlotactlc-polypropylene. 

11. Olefin block copolymers of claim 11 wherein said block 
copolymers 1s a di block. 

12. Olefin block copolymers of claim 11 selected from 
(HDPEXEP). (1-PPXEP), (LLDPE)(a-PP), (LLDPEXHDPE) . 

13. Olefin block copolymers of claim 10 wherein said block 
copolymer Is a triblock. 

14. Olefin block copolymers of claim 13 selected from 
(HDPEHEPXHDPE) , (HDPEXEP) (HOPE) , 

( LLDPE) ( a-PP) ( LLDPEXHDPEXa-ppX LLDPE) . 
( 1 -PP) ( EP) ( 1 -PP) ( s-ppX EP) ( s-PP) . 

15. Mixtures of homopolyolef ins, and di- and triblock 
copolymers, said block copolymers produced by the process of claims 2 
and 3. 
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